56 lactic acid bacteria were isolated during shalgam fermentation and identified as Lactobacillus spp. (51 isolates), Lactococcus spp. (3 isolates), Streptococcus sp. (one isolate), and Leuconostoc sp. (one isolate). 53 of all isolates decarboxylated both arginine and tyrosine, while others decarboxylated one of arginine or tyrosine. None of the isolates could decarboxylate histidine, ornithine, lysine, phenylalanine, or tryptophan. All isolates produced both agmatine (105.8-867.5 mg L -1 ) and tyramine (24.5-649.7 mg L -1 ). Although none of the isolates displayed ornithine decarboxylase activity, putrescine was produced (2.1-33.3 mg L -1 ) by all isolates, except one Lactobacillus strain. Therefore, lactic acid bacteria seem to be responsible mainly for tyramine and agmatine formation during shalgam fermentation, as well as a small amount of putrescine.
Introduction
Shalgam is a traditional Turkish fermented beverage which has a sour taste with a turbid and red colored appearance. It is produced by lactic acid fermentation and the major raw material is black carrot. The other ingredients are turnip, rock salt, sourdough, bulgur flour, and drinkable water. [1, 2] "Kanji," a traditional beverage in India, and "lactofermented carrot juice" are similar products to shalgam. [1, 3] Although there is limited data on microbiology of shalgam, it is known that Lactobacillus species are the dominant lactic acid bacteria (LAB) in traditionally fermented shalgam.- [4] Recently, Lactobacillus plantarum and Lactobacillus paracasei subsp. paracasei have been determined as the main species during shalgam fermentation. [5] In metabolisms of LAB amino acids play many significant roles such as intracellular pH control, generation of metabolic energy or redox power, and resistance to stress. [6] Amino acid metabolism of LAB is also important for food safety and quality. For instance, some amino acids in certain foods contribute to formation of characteristic aroma, while some of them are precursors of biogenic amines. [7] [8] [9] [10] [11] [12] Biogenic amines formed by decarboxylation of amino acids may be found in many foods including fermented foods such as cheese, wine, and beer. In other words, biogenic amines can be formed in foods which contain free amino acids and certain microorganisms capable of decarboxylase activity. [13] Although low levels of biogenic amines can be tolerated, intake of these compounds at high levels causes intoxication. [14] The health problems regarding high intake of biogenic amines include headache, respiratory distress, cardiac palpitation, hypertension or hypotension, facial flushing, itching, swelling, diarrhea, vomiting, migraine headache, and several allergy-related disorders, moreover anaphylactic shock syndrome and death. [13] [14] [15] Considering the LAB are potential biogenic amine producer and shalgam is a beverage produced by lactic acid fermentation, biogenic amine formation in shalgam is expected. The prevailing biogenic amine in shalgam has been reported as putrescine by Özdestan and Üren. [16] These researchers also determined the other biogenic amines including tyramine, agmatine, tryptamine, 2-phenylethylamine, spermine, spermidine, and histamine. The aims of this study were to isolate LAB during fermentation of traditionally produced shalgam and to determine their decarboxylase activities by amino acid decarboxylase test and by screening the biogenic amines using highperformance liquid chromatography (HPLC).
Materials and methods

Production of shalgam
The traditional method was used for shalgam production. [17] One hundred grams of black carrot, 50 g bulgur flour, 7.5 g sourdough, 10 g turnip, and 7.5 g salt were used to obtain 500 mL of shalgam juice. Bulgur flour, sourdough, salt (2.5 g) and 110 mL water were mixed, and then the mixture was fermented at 25°C for 3 days. The fermented mixture was extracted by adding appropriate amount of water and stirring for 5-10 min. This procedure was repeated four times. Extract was filtered and transferred into a glass jar. Then, the chopped black carrot, turnip, and the remaining portion of salt were added to extract and the volume was completed to 500 mL with water. This mixture with black carrot and turnip was fermented at 25°C for 5 days. The pH value reduced from 4.0 ± 0.1 to 3.5 ± 0.0, while the titratable acidity increased from 1.1 ± 0.2 to 4.5 ± 0.3 g L -1 .
Isolation and identification of LAB
At each day of fermentation one glass jar was opened for sampling and serial dilutions were prepared with sterile physiological saline solution (0.85% NaCl). Then, 0.1 mL of dilutions were spread on De Man Rogosa Sharp (MRS) Agar (Merck, Darmstadt, Germany) and plates were incubated microaerobically at 30°C for 48 h. After incubation white colonies were picked and grown in MRS broth (Merck, Darmstadt, Germany) at 30°C for 48 h. Isolates were maintained in MRS broth with glycerol (15%) at -20°C. Gram and catalase reactions of isolates were determined initially. Then the gram-positive and catalase-negative isolates were identified by the tests of gas production from glucose, arginine hydrolysis, and growth at different temperatures (10, 15, and 45°C) using the identification scheme recommended by Schillinger and Lücke. [18] Determination of amino acid decarboxylase activity Modified decarboxylase medium described by Maijala [19] was used for determination of decarboxylase activity of LAB isolates. Five grams tryptone, 8 g meat extract, 4 g yeast extract, 0.5 g tween-80, 0.2 g MgSO 4 , 0.05 g MnSO 4 , 0.04 g FeSO 4 , 0.1 g CaCO 3 , and 0.06 g bromocresol purple were dissolved in 1 L distilled water and autoclaved (10 min at 121°C). The corresponding amino acids (Lhistidine monohydrochloride, L-tyrosine, L-ornithine monohydrochloride, L-arginine monohydrochloride, L-lysine monohydrochloride, L-tryptophan, and L-phenylalanine [Merck, Darmstadt, Germany]) were added individually to medium at a 0.5% final concentration, and purple bromocresol as pH indicator. By this way, an individual MRS broth tube was prepared for each amino acid. The pH was adjusted to 5.3 aseptically.
MRS broth cultures (30°C, 48 h) were inoculated into modified decarboxylase medium without amino acids and tubes were incubated at 30°C for 5 days. A volume of 0.2 mL of each culture was inoculated into 2 mL of the same medium with corresponding amino acids. The modified decarboxylase medium without amino acid was used as control. One milliliter of sterile liquid paraffin was added into the tubes to obtain anaerobic conditions, and then the tubes were incubated at 30°C for 3 days. The conversion of the color to purple in amino acid added tubes while to yellow in control tubes was evaluated as amino acid decarboxylase positive. Thus, any other result was evaluated as amino acid decarboxylase negative.
Determination of biogenic amine production
LAB isolates were propagated in MRS broth. Each isolate was inoculated (0.2 mL) into 15 mL MRS broth contained arginine (0.2%) and tyrosine (0.2%). Following incubation at 30°C for 5 days, cultures were derivatized and biogenic amines were determined quantitatively by HPLC. [19, 20] Biogenic amine analyses by HPLC
Reagents
Agmatine, putrescine, and tyramine standards as hydrochloride salts, dansylchloride, and Naglutaminate were obtained from Sigma Chemical (St. Louis, Missouri, USA); perchloric acid, sodium carbonate, trichloroacetic acid, acetonitrile, and acetone from Merck (Darmstadt, Germany). Biogenic amine standard solutions were prepared in 0.4 M perchloric acid to a final concentration of 0.2 mg L -1 for each biogenic amine. Dansyl chloride solution was prepared by dissolving 100 mg dansyl chloride in 10 mL acetone. Two grams of sodium carbonate (Na 2 CO 3 ) was dissolved in 10 mL and 200 mg sodium glutaminate in 4 mL deionized water.
Chromatographic system and conditions HPLC determinations were performed with Lachrom Elite (Hitachi, Tokyo, Japan) HPLC system equipped with L-2300 column oven (20°C), L-2130 HTA pump, L-2200 autosampler with a 25 µL loop and L-2455 diode array detector. Detection was performed at 254 nm. Kromasil 100 C18 (100 × 4.6 mm, 3.5 µm) chromatographic column was used.
The buffer (pH 8) consisted of 0.1 M tris-(hydroxymethyl)-aminomethan (40%, Sigma), 0.1 M acetic acid (20%, Merck) and water (40%). Solvent A was prepared using 30 mL of buffer, 550 mL acetonitrile (Merck) and 420 mL water. Solvent B was a mixture of 2 mL of buffer, 900 mL acetonitrile, and 100 mL of water. An initial linear gradient elution program was used to separate amines.
Derivatization A 10 mL portion of LAB culture grown in MRS broth added tyrosine and arginine was mixed with 25 mL of perchloric acid (0.4 M) and shaken vigorously for 1 h. The solution was diluted to 50 mL by adding trichloroacetic acid (5%). From this solution, a 400 µL portion was mixed with 400 µL Na 2 CO 3 and 400 µL dansyl chloride and held in water bath at 40°C for 30 min. Two hundred microliters of Na-glutaminate was added to the mixture, and after vortexing it was held at 40°C for 60 min. Then, 1 mL of acetonitrile was added to the tube. Following centrifugation at 1191 × g for 20 min, the supernatant was removed, filtrated (0.22 µm), and maintained at -20°C. [21] The analytical determinations were done in duplicate.
Results and discussion
Eighty-five colonies were picked from MRS agar plates and 56 of them, which were gram-positive and catalase-negative, were confirmed as LAB (Table 1) . Of the 56 LAB isolates, 51 were identified as Lactobacillus spp. and three were Lactococcus spp. Two isolates were identified as Streptococcus sp. and Leuconostoc sp. These findings are in accord with the results of previous studies, [4, 5, 22] those reported that the Lactobacillus species were dominant during shalgam fermentation. Correspondingly, the presence of Lactococcus and Leuconostoc species in shalgam microflora was previously reported. [2, 5, 22] Fifty-three isolates decarboxylated both arginine and tyrosine. Lactobacillus sp. 4C10 and Leuconostoc sp. 4E9 showed only tyrosine decarboxylase activity, while Lactobacillus sp. 2C5 showed only arginine decarboxylase activity ( Table 1 ). The LAB isolates in this study did not decarboxylate histidine, ornithine, lysine, phenylalanine or tryptophan in amino acid decarboxylase medium. Although histidine decarboxylase activity has been shown in some Lactobacillus, Oenococcus, Pediococcus, and Tetragenococcus strains, [23] [24] [25] histamine production has not been proposed as common in LAB strains. Similar to our results, Bover-Cid et al. [26] and Moreno-Arribas et al. [10] reported that none of LAB isolates they tested produced histamine. Regarding lysine and ornithine decarboxylation, it has been stated that this kind of metabolism is very rare in LAB. [27] Also, phenylalanine and tryptophan decarboxylation activities are known as uncommon in LAB as reported by Bover-Cid et al., [28] who stated that phenylethylamine and tryptamine formations by Lactobacillus strains from precursor amino acids were not determined except L. curvatus strains.
Considering all of the isolates decarboxylated arginine and/or tyrosine; agmatine, putrescine and tyramine were screened quantitatively in amino acid added MRS broth cultures of these isolates. Figure 1 shows HPLC chromatograms of biogenic amine standards and a LAB strain. All of the isolates produced agmatine, tyramine, and putrescine, except one Lactobacillus sp. (0A8) that produced agmatine and tyramine but not putrescine. Agmatine amounts were between 105.8 ± 14.0 and 867.5 ± 21.9 mg L -1 , while tyramine amounts were ranged from 24.5 ± 6.9 to 649.7 ± 55.1 mg L -1 (Table 2 ). However, putrescine levels were much lower than both agmatine and tyramine, those were between 2.1 and 33.3 ± 1.7 mg L -1 . Although Lactobacillus sp. 2C5 gave negative result in the tyrosine decarboxylase medium, it produced 225.7 ± 76.4 mg L -1 tyramine in tyrosine added MRS broth. Similarly, Lactobacillus sp. 4C10 and Leuconostoc sp. 4E9 did not show arginine decarboxylase activity; however, they produced agmatine in arginine added MRS broth at a level of 338.0 ± 75.3 and 152.3 ± 43.7 mg L -1 , respectively. The tyramine amounts produced in the MRS broth supplemented with tyrosine are 
*Arg: arginine; Tyr: tyrosine; Orn: ornithine; Lys: lysine; Trp: tyrptophane; His: histidine. (2) 3.9 ± 0.2 152.3 ± 43.7 158.9 ± 23.1 Streptococcus sp. 4E7 4.7 ± 0.5 205.6 ± 17.4 111.9 ± 31.5 (1) Tyrosine decarboxylase negative.
Arginine decarboxylase negative.
Not detected.
generally higher than those reported by Lorencová et al. [29] These researchers stated that most of the LAB strains from dairy products produced tyramine lower than 100 mg L -1 in the MRS broth enriched with tyrosine amino acid at the same concentration (0.2%) used in current study, while only Lactobacillus brevis strains isolated from beer produced higher amounts (37-3084 mg L -1 ) of tyramine. Biogenic amine production or decarboxylase activity of bacteria could be determined using differential medium containing pH indicator. The conversion of the color to purple depending on increasing pH is evaluated as decarboxylase positive. [30] Three isolates produced related biogenic amine, although they gave arginine or tyrosine negative results in amino acid decarboxylase test (Tables 1 and 2 ). Bover-Cid and Holzapfel [31] determined three tyramine producing lactobacilli strains that gave negative results in decarboxylase test. Similar results have been reported by De Llano et al. [32] Such false-negative results may be obtained when the strain produces low amount of amine that is not enough to cause the pH shift for color change as mentioned by Bover-Cid and Holzapfel. [31] All the LAB isolates produced tyramine in tyrosine added MRS broth. Tyramine formation in foods is associated especially with LAB. [31] [32] [33] Also, tyramine has been mentioned as the main biogenic amine produced by LAB strains isolated from different foods, including fermented pork sausage, [28] anchovy, [34] and a fermented cereal-based product "tarhana." [35] Of the 56 LAB isolates, only one was identified as Leuconostoc sp. 4E9, which was tyrosine decarboxylase positive and produced 158.9 ± 23.1 mg L -1 tyramine in tyrosine added MRS broth (Tables 1 and 2) . Leuconostoc species have been previously reported as a tyramine producer. [10, 32, 36] Moreno-Arribas et al. [10] determined tyramine production (0.8-1.1 g L -1 ) by Leuconostoc mesenteroides strains in the medium contained corresponding precursor amino acid. In contrast, Lorencová et al. [29] have reported that the L. mesenteroides strain they tested did not produce tyramine. The Streptococcus sp. 4E7 strain was also tyramine producer (Table 1) . Although there is limited data on biogenic amine production by Streptococcus species, Buňková et al. [37] determined that one of the 21 Streptococcus thermophilus strains produced tyramine.
Putrescine can be formed from ornithine by ornithine decarboxylase or from arginine via arginine decarboxylase. [38] Putrescine formation from arginine can be occurred by two different metabolic pathways. In one of these pathways, arginine is converted to citrulline via arginine deiminase, and then citrulline is converted to ornithine by ornithine transcarbamylase. Finally, putrescine is formed by ornithine decarboxylase from ornithine. In the other pathway, first, agmatine is produced by arginine decarboxylase from arginine. Then, agmatine is either directly converted to putrescine via agmatine deiminase or converted to N-carbamoylputrescine via N-carbamolyputrescine, and then putrescine is formed by N-carbamoylputrescine hydrolase. [8, 38] In the current study, although none of the LAB isolates decarboxylated ornithine (Table 1) , almost all isolates, except Lactobacillus sp. 0A8, produced putrescine at levels from 2.1 ± 0.6 to 33.3 ± 1.7 mg L -1 (Table 2) in arginine added MRS broth. Therefore, it can be said that these LAB strains produced putrescine from agmatine using the second way that was previously mentioned. In a previous study by Arena et al., [39] putrescine formation from agmatine by Lactobacillus hilgardii X1B via this pathway has been determined. Likewise, in a very recent study by Ladero et al., [40] it was reported that all the putrescine producing LAB strains, including Lactobacillus and Lactococcus species, used the agmatine deiminase pathway rather than ornithine decarboxylase pathway.
Conclusions
Results revealed that Lactobacillus species were dominant during shalgam fermentation. The LAB included in shalgam fermentation could be responsible mainly tyramine and agmatine formation. They may contribute to putrescine formation and produced putrescine from agmatine. Additionally, the method for determination the amino acid decarboxylase activity rely on determining the color changes depending on pH changes could give false-negative results. Therefore, the quantitative methods in which the decarboxylation products are detected by HPLC may provide more reliable data.
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